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machine is widely used in venues ranging from professional baseball stadiums to
s. However, the throw performance of the pitching machines that have been developed
 during batting practice is not very high. Pitches such as the fastball, curveball and
easily achieved by the pitching machine with three rollers which were developed by the
is study, the moving behavior and contact stress state of the ball pitched with the three
itching machine is analyzed using dynamic finite element analysis software (ANSYS/
he effect of the seam of a baseball to the throw accuracy is analyzed numerically. In
he finite element models of a detailed baseball with a seam and a pitching machine with
re used. Additionally, convex and concave rollers are made and those are analyzed.
ytical results, it is understood that the convex roller is higher than other rollers in throw
 convex roller geometry is optimized, and the optimum conditions (shapes and material
 the convex roller are decided. Moreover, the validity of the condition is confirmed by
eriment.  
aseball, Pitching Machine, Finite Element Method, Experimental Mechanics, 
imulation, Optimum Design












































3. 三ロー ラ式ピッチングマシンの投球解析 










解析条件は，ボー ルとゴムロー ラの接触摩擦係数 µ =0.5，
解析時間0.1秒で行い，ボー ルに初期並進速度V0 =1m/s，初




 投球条件は，表 2 に示すような三種類の球種（無回転，
直球，カー ブ）とした．N1，N2，N3 は各ロー ラの回転数で
あり，三つのロー ラ回転数の総和は4500 min-1で一定とした． 
















































































Fig.2  Finite element models of baseball and three rubber 
       rollers (15 104 elements) 
Property Rubber tire Baseball
Density, ρ (kg/m3) 1 000 835
Young's modulus, E (MPa) 100 －
Poisson's ratio, ν 0.45 －
Istantaneous modulus, G 0  (MPa) － 46.15
Relaxed shear modulus, G ∞  (MPa) － 8.85
Bulk modulus, K  (MPa) － 100
Decay constant, β  (s-1) － 7 000
Table 1  Material properties of rubber tire and baseball 
unit  (min-1)
N 1 N 2 N 3 N 1+N 2+N 3
Case 1 (No-spin ball) 1 500 1 500 1 500 4 500
Case 2 (Fast ball) 1 700 1 400 1 400 4 500
Case 3 (Curve ball) 1 325 1 750 1 425 4 500
























































  解析結果の一例として，各球種における発射角(θ, φ )
を図 3，4 にそれぞれ示す．これより，いずれの球種に









































































































































































Fig.5  Concave type roller 
Close-up view 








Fig.7  Time series of ball's velocity in two-seam fastball
Fig.8  Maximum Mises stress of ball with several rollers in fastball 
Fig.9  Vertical angle with several rollers in fastball 







4. ロー ラの最適設計 






離 r（以下，中心間距離 r）の三つ（図 6 参照）を設計
変数とし，縫い目姿勢の違いによる発射角の差が最小
となるローラを設計する最適化問題である． 




的関数 fφ  は，投球精度において最も重要視される偏角
の差である式(1)を用い，fφ  が小さいほど縫い目の影響
が小さくなるため，これを最小化する． 
fφ= (  → min       (1) ) ηφφ +− 242
ここで，添字 2，4 はボールの縫い目姿勢（2 は二シー




ω 2 ≧400 かつω 4 ≧400  ⇒ η =0 
ω 2 ＜400 またはω 4 ＜400 ⇒ η =1 
応答曲面の構築には，応答曲面作成ツールRSMaker 
for Excel(8) を用い，三つの設計変数（R，r，E）を表 3











真の最適点を探索する．なお，再解析ではR を 100mm に
固定し，rとEの二つを設計変数とした（表4参照）．その
理由は，R>72mm の範囲では，r とE の両者の方が目的関
数に対する感度が敏感であったためである． 
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Fig.11  Response surface by interpolation calculation（E =50MPa）

























































Young's modulus, E [MPa]
24.5 
Fig.12  Response surface and optimum solution in curveball 





























































































 Fig.13  Response surface and optimum solution in fastball 








































Fig.14  Behavior of ball using high-speed videography in 





Fig.15  Behavior of ball using FEM results in curveball 
       (V =89.9km/h, ω =810min-1)  






























差∆φ  を次式のように定義する． 
∆φ  = | φ 2− φ 4 |            (3) 













球時，∆φ  の値が 0.2 ﾟあると18.44m先のホームベース







験値と解析値の∆φ   の差を球種ごとにそれぞれ比較す


















Fig.17  Comparison of roller geometry on difference of 
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